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The human behavioral repertoire includes activities that 
influence mood and cognition such as listening to mu- 
sic, watching movies, conversation, and dining, behaviors 
considered within the normal spectrum; however, when 
we choose activities that predictably and reliably alter 
our mood and cognition by exposing our central nervous 
system to exogenous molecules, we enter the potential- 
ly pathological path of addiction. We, and others around 
us, begin to worry as these behaviors insidiously become 
dominant foci in our existence. We do not clearly under- 
stand why a given individual chooses to use recreational 
drugs (1). As a society, we interpret and judge substance 
use based on our cultural prejudices, current moral and le- 
gal standards, and established norms. 

Today, with varying levels of acceptance throughout the 
world, the four, most abused, psychoactive substances are: 
caffeine, nicotine, alcohol, and cannabis. Often, when indi- 
viduals abuse one of these substances, they eventually mi- 
grate to using all four. Cannabis recently has gained signifi- 
cant social acceptance. People believe cannabis is benign, 
has few significant detrimental brain effects, and is also 
non-addicting. These are false popular misconceptions (2). 
Although the human brain naturally produces and uses 
cannabis-like molecules, referred to as endocannabinoids, 
current scientific data show that marijuana's externally ad- 
ministered substances directly influence behavior by af- 
fecting brain functions (3). 

The human endogenous endocannabinoid system indi- 
cates that natural substances that contain cannabis-like 
molecules will interact with the nervous system through 
existing receptors. Cannabinoid receptors are present in 



the peripheral cells such as the immune cells and neu- 
rons of the central nervous system including the spinal 
cord, cerebellum, basal ganglia, periaqueductal gray, 
hippocampus, and neocortex (4). In the central nervous 
system, these neuronal receptors play a significant role 
in modulating behaviors and brain functions. Data sug- 
gest that cannabinoid receptors play a more direct role 
in brain functions such as pain modulation, motor activ- 
ity, reduced rapid eye-movement sleep, as well as mood, 
motivation, and higher cognitive processes (5). Their im- 
pact may combine direct and indirect cellular and net- 
work effects. The cannabinoid system's neurotransmit- 
ter molecules are atypically synthesized in the cellular 
membrane by a complex enzymatic process of dendritic 
lipid metabolism (receptive and integrative structure of 
the neurons) (6). Although they behave similarly to clas- 
sical neurotransmitter systems, unlike many other classi- 
cal neurotransmitters, these neurotransmitter molecules 
are not stored in specialized vesicles. Current published 
data suggest that the endocannabinoid nervous system's 
primary effect is to influence neurotransmitter release 
through presynaptic modulations. Endocannabinoid re- 
ceptors have been characterized in two different recep- 
tor types, type-1 and type- 2 (7,8). Type-1 receptors are 
primarily found in the central nervous system, whereas 
type-2 receptors are thought to be primarily distributed 
to the peripheral system. Current data also show that 
type-1 receptors are closely associated with excitatory 
neurotransmitters. Based on how these receptors rela- 
tively distribute within a given system that contains in- 
hibitory and excitatory neurons, type-1 receptor activa- 
tion may cause either inhibition or excitation that may 
translate to physiologic seizure inhibition or facili- 
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tation, which is considered pathological neuronal activity 
(9,1 0). Receptor distribution may vary from person to per- 
son; therefore, based on cannabis use, we may expect in- 
dividually defined, variable effects that eventually trans- 
late into unexpected behaviors. 

Marijuana and marijuana extracts are not only used recre- 
ationally: cannabis has a long history of medical treatment 
of various medical and neurological illnesses. Although re- 
cently it has gained the attention of research, the biochem- 
ical analysis of marijuana's bioactive extracts is moving for- 
ward; this may give researchers significant understanding 
of the endocannbinoid system and how to develop new 
therapeutic agents that target that system. Already, signifi- 
cant advances have been made in managing chronic pain, 
glaucoma, head injury inflammatory disorders, and nau- 
sea, to mention a few (1 1 ). 

Despite marijuana's tremendous medical potential, this 
drug's recreational use presents medical and social prob- 
lems (12-14). Recreational cannabis use has significantly 
increased throughout the world (15). As marijuana's pub- 
lic acceptance increases, the age of marijuana exposure 
decreases. In the US, data indicate that while nicotine use 
has decreased among college students, cannabinoid use 
has increased. In the light of these findings, we must ask 
ourselves whether there are significant consequences for 
chronic cannabis use. We also need to ask about the fre- 
quency of cannabis use and its direct impact on brain func- 
tion. In recent years, as marijuana's quality has improved, 
the higher cannabinoid concentration has resulted in sig- 
nificantly increased potency. Cannabinoid concentration 
has increased up to five times, which has increased its bio- 
logical effect on the brain and, more significantly, endan- 
gered vulnerable individuals. 

Emerging behavioral and imaging data argue against rec- 
reational marijuana use because they show a relationship 
between the age of first use and the intensity of measur- 
able consequences. Individuals who routinely use marijua- 
na have significantly altered brain structures and functions 
with significantly altered cognition and mood regulation. 
Relative to non users, chronic marijuana users generally 
underperform in memory and cognitive tasks; in addition, 
chronic marijuana users may develop significant mood de- 
regulation that presents as depression, anxiety, and may 
result in long-lasting amotivational syndrome. Current 
data are unclear about the duration of these effects. More 
alarming data argue that some chronic marijuana users 
can develop psychosis that, in some cases, may lead 



to significant chronic psychiatric conditions such as schizo- 
phrenia spectrum disorders (16). 

Who are these vulnerable individuals? Although we have 
limited data regarding this issue, some trends are emerg- 
ing. Indeed, it appears that a subpopulation of individuals 
may be particularly vulnerable to marijuana use. In these 
individuals, certain brain molecules have altered genetic 
regulation of certain neurotransmitters that include do- 
pamine (17). This makes these individuals more likely to 
develop psychosis and potentially more vulnerable to de- 
veloping chronic mental illness because these brain mole- 
cules help eliminate dopamine after its release. In addition 
to genetic vulnerability, it appears there is a well-defined 
window linked to age: Individuals who engaged in heavy 
marijuana use before age 17 are five times more likely to 
abuse other substances later in life (1 8). Furthermore, these 
vulnerabilities indicate that marijuana use may lead to fu- 
ture cognitive difficulty such as lower IQ and psychiatric 
symptoms (19). 

Many researchers would agree that pre-teen, teen, and 
young adult marijuana use may be significantly detrimen- 
tal to brain development and, consequently, to success- 
ful participation in life. Emerging data show that chronic 
marijuana users performed poorly in school, often found 
themselves in conflict with the law, and did not progress 
as expected in developing their interests and careers. One 
proposed hypothesis states that marijuana use leads to de- 
creased motivation and decreased ability to focus, pay at- 
tention, form memories, and solve complex problems. It is 
becoming clear that chronic marijuana use impacts emo- 
tions as well as cognition and affects structures such as the 
hippocampus, critical for memory formation and retrieval; 
the amygdala, critical for the emotional brain; and the fron- 
tal lobes, critical for the executive brain (20). 

Lastly, but not surprisingly, recreational marijuana use and 
other substance use such as caffeine, nicotine, and alcohol 
may significantly impair the performance and socially ben- 
eficial activity of our youth. As the youth become young 
adults and attempt to manage new challenges and the re- 
sponsibilities of independence, they often face significant 
periods of stress. Their successful transition through these 
periods requires cognitive and emotional stability. Without 
these resources, when they face challenges, young adults 
often seek easy immediate solutions. If substance use is in 
their historical behavioral repertoire, they turn to substanc- 
es for relief and as a solution for their problems. These be- 
haviors tend to be strongly reinforcing and often result in a 
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viscous cycle of addiction. Unfortunately, we currently can- 
not predict who will withstand the challenges addiction, 
who will move-on unharmed, or who may be doomed to 
lifelong struggles and significant psychiatric sequels. 

It appears we cannot prevent experimentation with ad- 
dictive substances; however, we can invest in effective 
biological education about addiction and its potential 
consequences. We also need to have open, honest, evi- 
dence-based, public, conversations that address the indi- 
vidual risks of substance use and abuse. 

References 

1 Gunnarsdottir ED, Pingitore RA, Spring BJ, Konopka LM, Crayton 
JW, MiloT, et al. Individual differences among cocaine users. Addict 
Behav. 2000;25:641 -52. Medline:1 1 023008 doi:1 0.1 01 6/S0306- 
4603(99)00043-X 

2 Khatapoush S, Hallfors D. Sending the wrong message: did 
medical marijuana legalization in California change attitudes 
about and use of marijuana? J Drug Issues. 2004;34:751-70. 
doi:1 0.1 1 77/002204260403400402 

3 Elphick MR, Egertova M. The neurobiology and evolution of 
cannabinoid signalling. Philos Trans R Soc Lond B Biol Sci. 

2001 ;356:381 -408. Medline:1 1 31 6486 doi:1 0.1 098/rstb.2000.0787 

4 Eggan SM, Lewis DA. Immunocytochemical distribution of the 
cannabinoid CB1 receptor in the primate neocortex: a regional and 
laminar analysis. Cereb Cortex. 2007;1 7:1 75-91 . Medline:1 6467563 
doi:10.1093/cercor/bhj136 

5 Murray RM, Morrison PD, Henquet CC, Di Forti M. Cannabis, the 
mind and society: the hash realities. Nat Rev Neurosci. 2007;8:885- 
95. Medline:1 792581 1 doi:1 0.1 038/nrn2253 

6 Piomelli D.The molecular logic of endocannabinoid signalling. 
Nat Rev Neurosci. 2003;4:873-84. Medline:1 4595399 doi:1 0.1 038/ 
nrn1247 

7 Huestis MA, Gorelick DA, Heishman SJ, Preston KL, Nelson RA, 
Moolchan ET, et al. Blockade of effects of smoked marijuana by the 
CBI -selective cannabinoid receptor antagonist SRI 41716. Arch 
Gen Psychiatry. 2001;58:322-8. Medline:1 1296091 doi:10.1001/ 
archpsyc.58.4.322 

8 Munro S, Thomas KL, Abu-Shaar M. Molecular characterization 
of a peripheral receptor for cannabinoids. Nature. 1993;365:61-5. 
Medline:7689702 doi:1 0.1 038/365061 aO 

9 Alger BE. Endocannabinoids and their implications for epilepsy. 
Epilepsy Curr. 2004;4:169-73. Medline:1 6059489 doi:10.1 111/ 
j.1 535-7597.2004.04501. X 

1 0 Robson R Therapeutic aspects of cannabis and cannabinoids. Br 
J Psychiatry. 2001 ;1 78:1 07-1 5. Medline:1 1 1 57423 doi:1 0.1 1 92/ 
bjp.1 78.2.1 07 



1 1 Hazekamp A, Grotenhermen F. Review on clinical studies with 
cannabis and cannabinoids 2005-2009. Cannabinoids. 201 0;5 
special:1-21. 

1 2 Best D, Gross S, Manning V, Gossop M, Witton J, Strang J. 
Cannabis use in adolescents: the impact of risk and protective 
factors and social functioning. Drug Alcohol Rev. 2005;24:483-8. 
Medline:1 6361 204 doi:1 0.1 080/09595230500292920 

1 3 Gonzalez-Pinto A, Vega P, Ibanez B, Mosquera F, Barbeito S, 
Gutierrez M, et al. Impact of cannabis and other drugs on 
age at onset of psychosis. J Clin Psychiatry. 2008;69:1 21 0-6. 
Medline:1 8681 755 doi:1 0.4088/JCP.v69n0802 

1 4 Macleod J, Cakes R, Copello A, Crome I, Egger M, Hickman M, et al. 
Psychological and social sequelae of cannabis and other illicit drug 
use by young people: a systematic review of longitudinal, general 
population studies. Lancet. 2004;363:1579-88. Medline:1 51 45631 
doi:1 0.1 01 6/S01 40-6736(04)1 6200-4 

1 5 Degenhardt L, Chiu WT, Sampson N, Kessler RC, Anthony JC, 
Angermeyer M, et al. Toward a global view of alcohol, tobacco, 
cannabis, and cocaine use: findings from the WHO World Mental 
Health Surveys. PLoS Med. 2008;5:e1 41 . Medline:1 8597549 
doi:10.1371/journal.pmed.0050141 

1 6 McGee R, Williams S, Poulton R, Moffitt T. A longitudinal study 
of cannabis use and mental health from adolescence to early 
adulthood. Addiction. 2000;95:491 -503. Medline:1 0829326 
doi:1 0.1 046/j.1 360-0443.2000.954491 2.x 

1 7 Caspi A, Moffitt TE, Cannon M, McClay J, Murray R, Harrington 
H, et al. Moderation of the effect of adolescent-onset cannabis 
use on adult psychosis by a functional polymorphism in the 
catechol-O-methyltransferase gene: longitudinal evidence of a 
gene X environment interaction. Biol Psychiatry. 2005;57:1 1 1 7-27. 
Medline:1 5866551 doi:1 0.1 01 6/j.biopsych.2005.01 .026 

1 8 Lynskey MT, Heath AC, Bucholz KK, Slutske WS, Madden 
PAF, Nelson EC, et al. Escalation of drug use in early-onset 
cannabis users vs co-twin controls. JAMA. 2003;289:427-33. 
Medline:1 25331 21 doi:1 0.1 001/jama.289.4.427 

1 9 Pope HG Jr, Gruber AJ, Hudson Jl, Cohane G, Huestis MA, Yurgelun- 
Todd D. Early-onset cannabis use and cognitive deficits: what is the 
nature of the association? Drug Alcohol Depend. 2003;69:303-10. 
Medline:1 263391 6 doi:1 0.1 01 6/S0376-871 6(02)00334-4 

20 Hanson KL, Winward JL, Schweinsburg AD, Medina KL, 
Brown SA,TapertSF. Longitudinal study of cognition among 
adolescent marijuana users over three weeks of abstinence. 
Addict Behav. 2010;35:970-6. Medline:20621421 doi:10.1016/j. 
addbeh.201 0.06.01 2 



www.cmj.hr 



